The immunoperoxidase technique was used in an electron microscopy study to localize the virions of herpes zoster virus and simian virus 40 in cell cultures. Intranuclear and intracytoplasmic virions of herpes zoster virus were easily and specifically identified due to intense staining by the finely granular, black reaction product. With simian virus 40, intranulcear virions were not stained, whereas intracytoplasmic particles appeared densely black. There was essentially no background staining. Advantages of this technique over the ferritinlabeled antibody method include simpler preparative procedures for reagents, greater penetrability of the antibody conjugate, and internal amplification which substantially improves the ability to localize sites of antigen-antibody reaction. We believe that the immunoperoxidase method can be successfully applied to a wide variety of problems involving viral antigens.
The immunoperoxidase technique was used in an electron microscopy study to localize the virions of herpes zoster virus and simian virus 40 in cell cultures. Intranuclear and intracytoplasmic virions of herpes zoster virus were easily and specifically identified due to intense staining by the finely granular, black reaction product. With simian virus 40, intranulcear virions were not stained, whereas intracytoplasmic particles appeared densely black. There was essentially no background staining. Advantages of this technique over the ferritinlabeled antibody method include simpler preparative procedures for reagents, greater penetrability of the antibody conjugate, and internal amplification which substantially improves the ability to localize sites of antigen-antibody reaction. We believe that the immunoperoxidase method can be successfully applied to a wide variety of problems involving viral antigens.
The use of techniques for labeling antibody against viral antigen has provided information essential to the understanding of microbiological systems. By coupling antibody to fluorescein, as originally described by Coons (2) , fluorescence microscopy has been used universally as a method for identifying and localizing viral antigen in infected host cells. For electron microscopy, the conjugation of heavy metals such as mercury (15) and uranium (23) to antibody has been attempted with little success. At present, the method used most widely and effectively involves the coupling of ferritin (molecular weight, 850,000; diameter, 11 nm) to antibody with reagents such as diisocyanates (5, 8, 9, 13, 14, 19, 22) or p,p'-difluoro-m-m'-dinitrodiphenyl sulfone (FNPS) (18) . Recently, Nakane and Pierce (10, 11) 3-3' diaminobenzidine tetrahydrochloride (0.5 mg/ml) in 0.05 M tris(hydroxymethyl)aminomethane-hydrochloride buffer at pH 7.6 containing 0.01% hydrogen peroxidase (24) . After the substrate reaction, the cells were rinsed in three changes of distilled water and postfixed for 1 hr in 1% osmium tetroxide containing 0.1 M cacodylate buffer at pH 7.3. The cells were scraped gently from the flask surface, suspended in 50% ethyl alcohol, and centrifuged (2,000 x g for 5 min) into pellets. Then, the pellets were rapidly dehydrated in ethyl alcohol and embedded in Araldite. Thin sections were cut, stained with lead citrate and uranyl acetate, and examined in a Hitachi HUllE electron microscope.
Studies of control cell cultures. Uninfected cells and cells infected with HZV (CCL-72) or SV40 (DBS-FCL-1) were examined after application of the peroxidase-antibody conjugate or substrate alone. Additionally, DBS-FCL-1 cells infected with SV40 were examined after exposure to peroxidase-labeled human immune globulin plus substrate. All of these cells were fixed and prepared for electron microscopy as described above. Figure 1 is a low-power electron micrograph of a cell infected with HZV after application of the peroxidase-antibody conjugate and substrate. The nucleus contains a number of round, black virions which are stained by dense, black peroxidase reaction product. This figure demonstrates how readily the virions may be localized at low magnification. There is no background staining.
RESULTS
In Fig. 2 , the nucleus of a cell contains several well defined virions of HZV (arrows). The cell has been incubated in substrate (3-3' diaminobenzidine) which results in a slight general increase in cellular density and a diminution of membrane definition which was noted in all cells exposed to the substrate. As can be seen, the virions are unaffected by the substrate; capsid membranes enclose cores of low to moderate density that appear irregular in shape. Between the capsid and the core, characteristically one can identify a zone of diminished density which appears clear. Figure 3 illustrates a cell infected with HZV which has been exposed to peroxidase-labeled antibody and incubated in substrate. In contrast to Fig. 2 , the virions appear as round profiles which are stained densely by black, granular peroxidase reaction product. The peroxidase activity is specific for the virion and there is minimal background staining. The normal zone of diminished density between the capsid and the core has been obliterated by the dense reaction product. Adjacent to one of the virions, a circumscribed, granular clump of reaction product is present (arrow) and may localize another HZV virion. Intracytoplasmic HZV virions were identified in several of the cells and demonstrated comparable specific peroxidase labeling. Figure 4 shows a cell heavily infected with SV40 that has been incubated in substrate alone. The SV40 virions fill the nucleus, and one virion (arrow) is present in the cytoplasm. The intracytoplasmic virions are usually slightly larger and denser than intranuclear ones, but, in both locations, they have a stippled granularity and are outlined distinctly.
In Fig. 5 , the cytoplasm of a substrate-incubated cell contains several SV40 virions (arrows) adjacent to tubular profiles. The virions VOL. 23, 1972 1003 Peroxidase staining of the virions of HZV was observed by using human immune globulin as the source of antibody. It is interesting that our results with HZV differ from those of Nii et al. (13) , who studied herpes simplex virus with ferritin-labeled antibody to both virus and host cell. These investigators failed to observe capsid labeling with antibodies specific for either the virus or the host cell. Although the variance from our results may reflect the differing nature of the viral antigens or antibodies employed, an additional possibility is that the large size of the ferritin molecule (molecular weight, 850,000; diameter, 11 nm) precludes the consistent penetration of cellular and viral membranes. On the other hand, peroxidase (molecular weight, 43,000; diameter, 2.5 to 3 nm) apparently can penetrate cellular and viral membranes more consistently. Recently, Miyamoto et al. (9) , using four different antibody fractions conjugated to ferritin, noted a varying reactivity of herpes simplex virion-associated antigens. They postulated that capsids with cores of low density can be labeled only with the early 7S antibody fraction and might be those in the process of assembly, whereas capsids with dense cores might be completely closed, preventing penetration of ferritin-conjugated antibody. It is possible that the lack of labeling of viral antigen may represent a technical defect in the immunoferritin method that complicates the interpretation of viral antigen localization and immunologic activity.
In addition to the easier penetrability of the peroxidase-antibody conjugate, there are several other important advantages of the immunoperoxidase technique over immunoferritin. First, the method for conjugation of peroxidase to antibody is simple. Second, the smaller size and easier penetrability of peroxidase-labeled antibody obviates the need for agents (for example, dimethyl sulfoxide) or methods (for example, freezing) which are likely to damage cells and distort microanatomy as are used in immunoferritin techniques (5, 9, 13) . Third, the accumulation of reaction product amplifies the ability to localize antibody at the sites of peroxidase activity, which in turn results in easy identification of viral antigen with minimal background staining.
Our observations concerning SV40 with specific peroxidase-labeled anti-SV40 antibody indicate that intranuclear virions are not stained by peroxidase, whereas intracytoplasmic virions are stained. These results agree with previous immunoferritin studies. It appears likely, as postulated by Oshiro et al. (14) and Levinthal et al. (8) , that SV40, upon release from the nucleus, acquires a new "antigenic reactivity" in the cytoplasm. The finding that rabbit antibody to SV40 does not stain normal monkey cells even though the SV40 was propagated in monkey cells might be explained by the fact that the rabbits were immunized with SV40 without adjuvant. In such a system, the antigenicity of any contaminant monkey cell components apparently is very slight compared to that of the SV40 virions, and anticell antibodies are not produced in sufficient titer to result in staining of the monkey cells.
At the light microscopy level, the immunoperoxidase technique appears equal in specificity to immunofluorescence (11, 25) . In studies of herpes simplex-infected cells with fluorescein-labeled antibodies, conflicting results have been described. For example, some authors (6, 7, 13, 17, 20, 21, The principal problem associated with the peroxidase-antibody technique, as was experienced in previous studies on viral antigen (1, 25) , is the preservation of maximal enzymatic and immunologic activity as well as microanatomical integrity. It has been shown previously (4) that a combined paraformaldehyde-glutaraldehyde fixative provides optimal structural preservation for electron microscopy with horseradish peroxidase. However, paraformaldehyde diminishes the enzymatic reaction, and glutaraldehyde tends to inhibit immunologic activity. We have found that the best sequence for retaining the enzymatic, immunologic, and structural parameters is to fix the cells in paraformaldehyde, wash overnight, apply the peroxidase-antibody conjugate, and then fix in glutaraldehyde. Postfixation in osmium tetroxide after the substrate reaction, as noted by Graham and Karnovsky (4), intensifies peroxidase staining. Although the substrate incubation tends to diminish membrane definition, pending the development of improved fixatives and substrates, we recommend this method for ultrastructural studies with peroxidase-labeled antibody in cell culture.
The results of this study suggest that the immunoperoxidase technique has important practical potential in electron microscopy studies of virus-cell interactions and may be useful for light microscopy as well. This technique may aid in the resolution of a wide variety of problems involving cellular and viral antigens.
